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Abstract. The Department of Materials Science from Rezumat. La departamentuftiinta Materialelor de la
Transilvania University, Faculty of Materials Saen& Universitatea Transilvania din Bav au fost realizate
Engineering developed some mathematical models andchai multe modele matematigesofturi pentru simularea
software for the computer simulation of casting solidificirii pieselor turnate. In lucrare este prezentat
solidification. The paper presents a mathematioadleh  modelul matematic pentru simularea solidificpieselor
for computer simulation of eutectic alloys. The turnate din aliaje eutectice. Modelul matematitiae¢az
mathematical model uses the finite differences owkth metoda diferetelor finite. Modelul matematic are
The mathematical model has the peculiarity that theparticularitatea &£ ecuaia de bilan termic a elementelor
thermic balance equation of the volume in whichdhst de volum in care este divizatpiesa turndt este
piece is divided, is explained in nine cases. Tdses are  explicita Tn noudi cazuri. Acestea sunt stabilite n
set depending on the initial and final temperanfréghe  functie de temperatura ila si de temperatura finala
elements for a period of time. The mathematical ef®d elementelor pentru un interval de timp. Modeleletena
used by other software gives only a systematizatbbn matice utilizate de alte softuri sistematizeazalculul
calculations depending on the initial temperatufréhe numai in funge temperatura ifiala a elementelor de
volume elements. In the end of the paper, data izolum. In final sunt prezentate date privind stusat
presented regarding the structure of the softwadethe  softuluisi rezultate (despre solidificarea pieselor turnate)

results (of the solidification of castings) thaprbvides. pe care acesta le furnizéaz

Key words: casting, solidification, mathematical Cuvinte cheie:turnare, solidificarea pieselor turnate,
modeling, solidification simulation modelare matematic simularea solidifigrii

1. Introduction 1. Introducere
The solidification of the casting from metal Solidificarea pieselor turnate din aliaje metalice

alloys has a great influence over their qualityeTh are o mare influgih asupra calitii acestora.
most frequent defects determined by theDefectele cele mai frecvente determinate de
solidification of the cast parts are the shrinkesol solidificarea pieselor turnate sunt retasurile. $iea
These represent funnels caused by the allogunt goluri cauzate de contt@c aliajelor la
contraction when they solidify. The technological solidificare. Misurile tehnologice pentru eliminarea
measures to eliminate these defects are basecon thcestor defecte din piesele turnate se bézeaz
knowledge of the evolution of the temperature fieldcunoaterea evoltiei campului de temperaturdin

in the casting unit — the form it takes while cagli ansamblul piesturnati — forma n timpul &cirii si
and solidifying. Firstly, the position of the hgiads  solidificarii aliajului. Este necesatise cunoascin

is to be known, together with the movement of theprimul rdnd pozia nodurilor termice, deplasarea
solidification front and the evolution of the ligui frontului de solidificaresi evoluia cantititii de aliaj
alloy quantity existent in the feeder. The mostlichid din maselat. Cea mai avantajoasmetod
advantageous method to study the solidification ofpentru studiul solidifigrii pieselor turnate in
the cast parts in order to eliminate the shrinkebol vederea elimifirii retasurilor o constituie simularea
is to simulate the solidification with the helptble  solidificarii cu ajutorul calculatorului [4, 5].
computer [4, 5].

2. Aim of paper 1. Scopul lucrii

The Department of Materials Science from La departamentulStinta Materialelor de la
Transilvania University, Faculty of Materials Universitatea Transilvania din B au fost
Science & Engineering developed somerealizate mai multe modele matematigesofturi
mathematical models and software for the computepentru simularea solidificii pieselor turnate din
simulation of casting solidification [1, 2, 3]. T$& aliaje metalice [1, 2, 3]. Acestea se réfdan

26



RECENT, Vol. 16, no. 1(44), March, 2015

refer to the solidification of the cast parts from solidificarea pieselor turnate din aliaje eutectia
eutectic, hypoeutectic and solid solution typeyalo aliaje hipoeutecticgi din aliaje de tip solie solic.

The paper presents the mathematical model for thin lucrare este prezentat modelul matematic pentru
simulation of the solidification of the cast parts simularea solidifigrii pieselor turnate din aliaje
from eutectic alloys. Also, data is presented aboueutectice. Sunt prezentate date despre structura
the structure of the soft and the results it sugspli softuluisi rezultate pe care acesta le furnizeaz

3. Hypotheses of the mathematical model 3. Ipotezele modelului matematic

The mathematical model uses the finite Modelul  matematic  utilizeaz metoda
differences method. The casting - shapediferenelor finite. Ansamblul piegsturnat — forma
unit/assembly is divided into cubic elements witheste divizat in elemente cubice cu lataraPoziia
the sideA. The position of an element in the cast —unui element Th ansamblul pies forma este notat
shape wunit is marked with three numericalprin trei coordonate numerice,“j, k’. Acestea
coordinates calledi, j, k’. These represent the reprezini numirul de ordine al elementelor pe cele
serial number of the elements in the threetrei axe ortogonale Ox, Oyi Oz. In figura 1 este
orthogonal axis Ox, Oy and Oz. Figure 1 shows thearitat principiul divizirii formelor si notarea prin
shape division principle and the element markingindici a elementelor.
with indices.

Figure 1. Mould assembly divided in cubic finitemlents
Figura 1. Divizarea ansamblului formei Tn eleméimie cubice

The total time of the simulation process is Timpul total al procesului de simulare este
divided into " time intervals. Any moment on the divizat in intervale de timpt". Un moment oarecare
“14* process is expressed by the relatigr= qfd, de pe parcursul procesuluiy” estetq = qi, undeq
where g represents the time numerical coordinate reprezini coordonata numeticde timp. Aceasta are
This has integral values betwegr 0 andg = gmax valori intregi cuprinse intr@ = Osi = Omax

The mathematical model considers the La elaborarea modelului matematic s-au

following hypotheses: considerat urfitoarele ipoteze:
- the contact between the elements is perfect durin- contactul intre elementele divizate este penbect
the entire process; toati durata procesului;

- the heat transmission inside the mould is made transmisia de @dura in interiorul formei are loc
only by means of conductivity in perpendicular numai prin conductibilitate perpendicular pe
direction on the surfaces of the elements; suprafaa elementelor discretizate;
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- the heat exchange between mould-environment is schimbul de @dura intre forn& si mediul ambiant
done by convection coefficient; se ia in considerare printr-un coeficient de

- the variation of the volume with the temperatigre convegie;
neglected, as well as the volume variation at se neglijeaz varigia volumului cu temperatura,
solidification (as a result, the density is céat si la solidificare (ca urmare densitatea se
considered constant with temperature); consided constartt cu temperatura);

- are take into consideration the variation of the- se considar varigia cldurii specifice, a
specific heat and of the thermal conductivity as a conductibiliitii termice cu temperaturgi cu
function of the temperature, changing the liquid- starea de agregare;
solid state;

- the alloy solidifies at constant temperature,- aliajul se solidifi@ la temperatdr constant
hypothesis valid for the pure metals and eutectic (ipotez valabik Tn cazul metalelor puresi

alloys; aliajelor eutectice);

- the flowing and feeding processes during- se neglijeaz procesele de curgegsede alimentare
solidification are ignored. n timpul solidificirii.

4. Notations 4. Notdtii

The physical characteristics of an element  Caracteristicile fizice ale unui element in care
whose shape is divided are marked with clueg “ este divizat forma sunt notate prin indicii,j, kK" -
k” - for space andd’ - for time. To express the pentru spau si “q" - pentru timp. Pentru scrierea
parameters in the mathematical model equationscuaiilor se utilizea urmitoarele notgai:
the following notations are assumed:

. - ° q - 1 2 “
* Tik - the temperature of the element with indexes Tix - temperatura elementului cu coordonatéle

“i, ], k", at the ‘g” moment; j, K’ la momentul t";
o . TO+l Cow i
. ij?:'l-the temperature of the element with indexes Tijk - temperatura elementuluii,“j, k', la
“i, j, K, at the ‘g+1” moment; momentul t+1”;

» (Te)yc - the solidification temperature of thik® (Ts )i - temperatura solidus a elementulijk™
element;
. Ei?k - the fraction of solid of theijk” element at  ° ‘Ei?k - fragia de solid la momentulf” in elementul

the “q” moment; “ijk” S
« A - the length of the elements (the step of mesh); * A - latura elementelor (pasultetei de divizare);

. (pS)i?k _ the density in the solid state of thig® (ps)i?k - densitatea in stare sdlich elementului

element at thed” moment; “ijk” la momentul 4";
. (pL)i?k _ the density in the liquid state of thigk” (pL)i?k - densitatea in stare lichich elementului
element at thed” moment; “ijk” la momentul 4",

* Lijc - the latent heat of th¢jk” element; Lij - cdldura latent a elementuluiifk”;

. (Cs)ﬁk - the specific heat in the solid state of thes (cs)i?k - cildura specifi@ in stare solid a

“ijk” element at thed” moment; elementului fik” la momentul 4”;

. (CL)i?k - the specific heat in the liquid state of the « (c,_)i?k- cildura specifia in stare lichid a
“ijk” element at thex moment; elementului fjk” la momentul t”;

. (AQuqk )tr - the heat changed between thg™ (AQI?k )Ced- cdldura transmig intre elementulifk”
element and neighbour elements; si elementele vecine;

. (AQIf'k )m - the mass heat released by thg"" . (AQI?k )m- varigia coninutului de d@ldurdi masia

element as result démperature modification or a elementul ifk” ca urmare a modifiii
changing the state liquid-solid; temperaturiki/sau a strii de agregare;
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. qsﬁ ik the heat transfer coefficient at thg" “

moment, between theijK” element and the

element located on the left side;
. C(diq ik the heat transfer coefficient at thg"“

moment, between theijK” element and the

element located on the right side;
at the
and the

. ahqj K - the heat transfer coefficient

moment, between theijK” element
element located up;

at thq
and the

. C(jiqj k - the heat transfer coefficient

moment, between theijK” element
element located below;

at thq
and the

. C(fiqj K - the heat transfer coefficient

moment, between theijK” element
neighbour element located before;

e gtd
GtI’J’k
moment, between theijK” element
neighbour element located behind.

- the heat transfer coefficient at thg” “

and the

5. The mathematical model equations
The mathematical model

is based on the

. agqj K- coeficient de transmitere aildurii la
momentul §” intre elementul ijk” si elementul
vecin situat la stanga lui;

adiqj K" coeficient de transmitere aildurii la

momentul §°, intre elementul ijk” si elementul
vecin situat la dreapta lui;

. anqj K" coeficient de transmitere aildurii la

momentul ¢, intre elementul ijk” si elementul
vecin situat deasupra lui;

e qid. -
Al ik
momentul 4°, intre elementul ijk” si elementul
vecin situat sub el;

coeficient de transmitere aldurii la

. Gfiqj K- coeficient de transmitere akldurii la

momentul 4°, intre elementul ijk” si elementul
vecin situat n f@ lui;
o atd - coeficient de transmitere akldurii la

s
momentul ", intre elementul ifk” si elementul
vecin situat Tn spate lui.

5. Ecudiile modelului matematic
Modelul matematic se bazeéape ecuga de

thermal balance equation of elements (resulted bgchimb termic dintre elementele formei, Tn acord cu
the mould division) in accordance with Figure 2. Atfigura 2. La un moment oarecatg Starea unui

any timertq, the status of each element |, k" is
characterized by the momentary temperattyé
and solid fractiong®. From the thermal balance
equation for an elementjk”, for the elementary

g+l g+l
, the parameter§”k Eijk

wn

time interval 't can be

determined for the next moment... The heat
balance equation for an elemeik™ are written:

(AQuk )tr = ( AQj )m

The heat transmitted by the elemeijk™ to
neighbouring elements, through the six sides,
elementary timet" (between moments; si tq+1) IS

element de volum cu coordonatelg |, k' este
caracterizat prin temperaturdi® si fractia de solid
&ikd. Din ecusia de bilam termic particularizadt
pentru un elementijk”si pentru un interval de timp

n_mn H q+1 H q+1
1" se determid parametruT”k i Eijk

momentul urmtor tq+1. Ecuaia de bilan termic
pentru un elementjk” se scrie:

pentru

(1)

Cildura schimbat de elementul ifk” cu

irelementele vecine, pe cedase diretii, pe durata

calculated based on the scheme from Figure 2 and momenteler si 14+1) este dai de ecuga:

given by the equation:

(AQl )tr [uﬁjk( ijk Tq Jk)+adljk(Tq]k T+ij) ahjk(lek

+aj O T,
The mass heat given by thigk” element in a
time interval depends on the initial status of th

element at ad” moment (characterized by, and

“ n

i) and the final status at ag+1” moment

1+Lk)+af| ]k( i,j,k T i, k= 1)+atl Jk(TI

unui interval de timp elementar ™ (intre
q. —Lk) +

)] 2
I T i,j,k+1 EQA)

Cialdura masié cedal de elementul ifk” intr-

un interval de timp t” depinde de starea imla a
elementului la momentulg® (caracterizat prin Tij‘lj

si &) si de starea final la momentul t+1
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(characterized byl and &I™). In the case of (caracterizat prin TJ™ si &&™). Tn cazul aliajelor
eutectic alloys, nine situations are encounteregtutectice la exprimarea acestéidari se Tntalnesc
when expressing this heat. These cases amgoui situgii. Aceste cazuri sunt reprezentate grafic
represented in the chart in Table 1. The detailedn tabelul 1. Ecugle detaliate pentru fiecare caz in
equations for each case are the following: parte sunt uritoarele:

q
_\Q tr

Figure 2. Volume elements temperature marking hacheat transmission schema from an element
to its neighbor elements

Figura 2. Notarea temperaturii elementelor de vajusechema transmisieildurii de la un element
spre elementele vecine

a) Cooling in liquid status and partial a) Ricire Tn stare lichida si solidificare partiala
solidification (Table 1, no. 2). If at a; moment (tabelul 1, nr. crt. 2). Dacinitial la momentulcq
the ‘ijk” element status is characterized by starea elementuluiijk” este caracterizat prin

Tih >Tsij and &l =0 and at aq.1 moment its Tij?( >Tgijk §1 i =0, iar dug intervalul de timp

status is characterized bYF9+1=TSijk and , la momentuqu+1 starea lui este caracterizat
prln Tjk —Ts.,k$' E-ukD[O;l]’ atunci variga

Uk 0[o1] then the mass variation heat is given
caldurii masice este date relaia:

by the relation:

b) Cooling or heating in liquid status (Table 1, b) Racire sau indilzire Tn stare lichida (tabelul 1,
no. la or 1b). If the initial status i'squk > Tsijk nr. crt. la sau 1lb). Dacstarea iriala este

q G A =0 . .
and &, =0, and after ther time interval the Tijk > Tsij 1 ¢ =0, iar dugi intervalul de timp

e __q+1> BT £
status quantities aré'”k >Ts.Jk and E”k =0, © marimile de stare sunfj > Tsijk si Sk =0,

then the mass variation heat of thg™ element
is given by the relation:

(AQljk ) = As q)ljk ulek qu+l)CL|Jk . (4)

variaia cldurii masice a elementuluiijk” este
dati de relaia:
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Table 1. The possible cases for explaining the masation heat of an elememt@%)m depending on the%j

and T*%, temperature positioning related to temperatuig= (solidus temperature)

Tabelul 1. Cazurile posibile la explicitarea vé@gacaldurii masice a elementeloAQ%x)m Tn fungie de

temperaturile ¥ si T9%% Tn raport cu temperaturask = (temperatura solidus)

NoO Current Type of The graphic of temperature variation in at time
' temperature process interval
la Tomp ["7] &
i b
T4 ST ST Cooling in
ik = Tk 7 Tsolidus | |iquid status v s i Tottns
=
o L L timmp[ 3]
1b Temp "] &
Tg;'?l ___________________________
Heating in
T ST ST e
ijk ijk solidus liquid status T8 femmmmmmmm e
?:o.?ia‘as
0 t, tyn  timpls]
2 Temp [*C] &
I ]
Cooling in :
q 57  —7on | liquid status and i
T > Tsoraus = Tik partial o Toias
solidification ; ,
i |
g £ fn timp[s]
3 Temp ["C] &
Cooling in il
liquid status,
total
T >T = >Ta1 ey
fjk = "solidus = ik solidification Toonass
and cooling in
solid status A
© £ fga timgp [ 5]
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4a
Temp ["C] &
Partial
solidification at
TijE =T e = Tijﬂﬂ solidification E
temperature AR 0 SR, . o :
Tsolidus i i
) :
: |
I 1 -
2 £ fn timp[ =]
4b
Temp [(C] &
Partial melting
T4 =T _ o at solidification
ik — 'solidus = lijk temperature i
+1 sofidus
Tsolidus L
S
g Ly Lent timp[s]
5
Temp [*C] &
Total
solidification at
solidus
T =T >T..q+l
i "solidus = ik temperature ang e
cooling in solid 4
status i
Q £ fn timp [ 5]
6
Temp ["C] &
Total melting at
. L L | e AP T eI
. solidus i '
Tt = Tooiaus < T | temperature ang 4 :
H H H H solidus L
heating in liquid v f MR '
status i
—
a Ly fgn timp (3]

32




RECENT, Vol. 16, no. 1(44), March, 2015

h Temp "] A
Cooling in solid
T <TI <T_
ijk ijk solidus status "
Tv._;:l
° timp [ 5]
7b Temp ["C7] &
q q+l Heating in solid
Tiik < Tijk < Tsoiidus status
?;;;:1
T
(0]
8
Temp ["C] #
) Heating in solid
q — T+
T < Teotiaus = Tigc status and
partial melting -
ik
el
(8]
’ Temp [*C] &
Heating in solid
) status, total -
4 q+ X ool
Tiik < Teoiaus < Tijk m(?ltlng a.nd. E - .
heating in liquid ol |
status 7 foeee- . '.
5 1
° “ fen timp[s]

c) Cooling in liquid status, total solidification and

cooling in solid status(Table 1, no. 3). If initially

q q — g+l
'I'ijk >TSijk and ik =0, and 'I'ijk <TSijk and

¢) Racire Tn stare lichida, solidificare totala si
racire Tn stare solidi (tabelul 1, nr. crt. 3). Dac

initial Td >Tgy si &1 =0, iar T <Tgsi
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Euk =1, the mass variation heat of thek"
element is given by the relation:

Eicj]k =1, varigia aldurii masice a elementului
“ijk” este dai de relaia:

g+1y a9
(AQl Jm= I (i I:D( ijk TSle) E:Lljk * Lijk +(TSIjk TI )ESijk]' )

d) Partial solidification or melting at solidus
temperature (Table 1, no. 4a or 4b). If at g
moment the temperature of the elemeijit”"is

T =Tsjj and & 0101, and in the final status

+1_

at at1 moment the status |srijcll( =Tsijk

E-qkﬂ O[og] the variation of the mass heat is:
i

(AQf Im = &%

e) Total melting at solidus temperature and
heating in liquid status (table 1. no. 6). If at &,
moment the temperature of thgk" element is
Tik =Tsijk and E,Jk 0[01], and in the final status

and

Tijk >TSijk and & =0, then the variation of
the mass heat is given by the relation:

(AQ| Jm= A?’E)”k[('l'”?( - |JCI1<Jr1

f) Total solidification at solidus temperature and
cooling in solid status(Table 1. no. 5). If at &g
moment, the temperature of thigk" element is

'I'IJk =Tgij and & O[01], and in the final status

Tijk <TSijk and E,lqk*l =1 then the variation of
the mass heat is:

[Pk (€ qukﬂ

)CLIJk

d) Solidificare sau topire patiala la temperatura

solidus (tabelul 1, nr. crt. 4a sau 4b). Bata
momentultq, temperatura elementuluijk” este

Tik =Tsik & 0I01], jar in stare final la
momentul 141 Starea este T"q+1—TSijk si

q+1 O[oz] Varidia cildurii masice este:

uk )L (6)

e) Retopire totah la temperatura solidus si

incalzire in stare lichida (tabelul 1. nr. crt. 6).
Daa la momentultq, temperatura elementului
“ijk” este TJk =Tsijk E,Jk t[o1], iar in stare
finala Tijk >TSijk si & =0atunci variga
caldurii masice este date relaia:

|jk‘ﬁi?k] . (7)

f) Solidificare totala la temperatura solidus si

racire in stare solidi (tabelul 1. nr. crt. 5).Ddc
la momentul 1, temperatura elementuluiijk”

esteT]k =Tgijk si & O[0A], iar in stare final

Tijk <TSijk si ij‘,‘( =1 variaia cildurii masice
este:

(8Q )m = 8° i [ A& )+, i~ Tk ™1 - (8)

g) Heating in solid status and partial melting
(Table 1, no. 8)If initially, at a T moment, the
element fjk” is completely solidified, its status is

characterized bWJk <Tsjjx and E”k 1, and at

the momenttq+1 the status of the element is
T.,k =Tsik and the solid fraction&}™ 0[0;1],

g) Incilzire In stare solidi si retopire partiald

(tabelul 1, nr. crt. 8)Daa initial, la momentultq
elementul “ijk” este complet solidificat, starea |

fiind caracterizat prin T, ”k <Tsijk sl E”k 1, iar

la momentul T+1 Starea elementului este
T”k =Tsijk si fractia solidi & 0[0;1], atunci

then the variation of the mass heat is given by the varigia cildurii masice este dade relaia:

relation:

(AQ| )m—A mljk [D ijk (T”k TSer) (1 E,lk )I—ijk]- (9)

h) Heating in solid status, total melting and
heating in liquid status(Table 1, no. 9). If at &
moment the status of theijK” element is

. q .
characterized b)Tijk <Tsijk and Ei?k =1,and ata
Tq+l
T”k >Ts.,k and the solid fractloriuk =0, then

h) Tncilzire in stare solid,
incalzire in stare lichida (tabelul 1, nr. crt. 9).

moment the status of the element is

retopire totala si

Daci la momentulty starea elementuluijk” este
caracterizat prin Ty <Tgij sl Eijk— 1, iar la

momentul final 1+1 Starea elementului este
+1 : : . .
Tijqk >Tsijk si fracia solidi &™"=0, atunci
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the variation of the mass heat of the “ijk” element variaia cildurii masice a elementului ,ijk” este
is given by the relation: dati de relaia:

(AQI Jm= IS m)IJk[CSuk(rle TSle) L +CLIjk (TSIJk lek+1)]' (10)

i) Heating or cooling in solid status(Table 1, no. i) Incilzire sau ricire in stare solidi (tabelul 1, nr.
7a or 7h). If Tyl <Tgj and &j =1, while crt. 7a sau7b). DacTy <Tgj si & =1, iar
'|'IJk <Tsuk and E”k =1, then the variation of '|'ij‘|1(+1<TSijk si Ei?k =1, varigia cldurii masice a
the mass heat of thgK” element is given by the  elementului fik” in intervalul de timp %" este

relation: dati de relaia:
1
(BQ ) m = 2% [y 6y, [T ~Ti™) . (11)
6. The mathematical model solving 6. Schema de rezolvare a modelului matematic

The solving of the mathematical model is based = Schema de rezolvare a modelului matematic
on the replacement of the relations (2 + 11) in theare la baZ nlocuirea relgilor de mai sus (2 + 11)
thermic balance (1). The solving scheme use$n ecuda (1). Schema logic utilizeaz relgii de
conditionality relations regarding the initial condiionalitate, referitoare la temperaturatisli a
temperature of the eIements‘ij‘lK) and the final elementelor discretizata:ij?(, si temperatura final
temperature'qq+1) In a first phase, it start from the Tij?:l. Se porngte de la ipotezaadintr-o primi faza,
hypothesis that after thea time interval, the dupa intervalul de timpr, temperatura unui element
temperature of an element witlj kK’ coordinates cu coordonatei,j,k’, devine egal cu temperatura
becomes equal to the solidification temperature (s@je solidificare (deci T =Tsijik). In aceast

It =T,
|Jk Sijk). Thus the hypothesis calculates thecondpe se calculeaz fragia solidificat Ei?lz’l la

g+l - . e
solidified fractlon§ijk at the momentq... In case |4 e In cazul @ fragia solidificat

the calculated solidified fraction does not havg an calculat nu are converge# in intervalul [0; 1] se
convergence in the [0; 1] interval, then the calsul revine asupra calcululgi se calculeaztemperatura
is reviewed and the correct final temperature isfinala corect, Tq+1 Schema logic a modelului

g+l
estlmatedT )- Thus the solving is ordered in the este S|stemat|zaﬁn cele nod cazuri din tabelul 1,

nine cases found in Table 1, accordlng'rﬁ@ and  1in funaie deTq sideTd*1,

Ijk
g+l
lek )

7. Software structure and obtained results 7. Structura softului si rezultate obtinute
On the basis of this mathematical model, the Pe baza acestui model matematic, s-a realizat

software was designed to simulate the solidificatio softul destinat simaétii solidificarii pieselor turnate

of the cast parts form eutectic alloys. This uses t din aliaje eutectice. Acesta utilizeéasistemul de
MATLAB programming system. MATLAB offers programare MATLAB. Programul MATLAB ofér

the following advantages: urmatoarele avantaje:

- simplicity in making the engineering calculusttha - simplitate in realizarea apligiéor ingineresti care

works with symbols, operators and mathematical lucreaz cu simboluri, operatorisi functii

functions; matematice;

- the possibility of working with three-dimensional - posibilitatea de lucru cu matrice sipée de orice
mould of any dimensions; dimensiuni;

- facilities in mathematical processes and in the facilititi Tn prelucrarea matemalic si n
chart representation of the results. reprezentarea grafia rezultatelor.

The software is suited for the simulation of the Softul realizat este aplicabil pentru simularea
cast part solidification from eutectic alloys, with solidificarii pieselor turnate din aliaje eutectice, cu
any geometry or dimensions. The software isorice geometrigi dimensiuni. Softul este conceput
designed for the cases when the assembly comprisegntru cazul cand ansamblul cuprinde maximum
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a maximum of four types of materials: shape, liquidpatru tipuri de materiale: forma, aliaj lichidgitori,
alloy, coolers, cores or insulator dye. miezuri sau vopsele termoizolante.
The software works with four types of files: Softul lucreaZ cu patru tipuri de §iere:
- scratch files in Matlab for initializing the - fisiere de lucru in Matlab pentru ii@lizarea
simulation and calculus execution (files with *m  simularii si efectuarea calculelor §fere cu

extension); extensia *m);

- files where the user asserts the selection of the fisierele prin care utilizatorul impune selectarea
desired results (files with *in extension); rezultatelor dorite (fiere cu extensia *in);

- files with numerical results of the simulatioilg§ - fisiere Tn care sunt gfite rezultatele numerice ale
with *out extension). These are automatically  simularii (fi siere cu extensia *out). Acestea sunt
created by the software during simulation; create automat de soft in timpul aiil,

- files where the results are presented in a doért - fisiere in care sunt reprezentate grafic rezultatele
the type *jpg); (fisiere de tip *jpg).

The software supplies the following results Softul furnizeaz urmitoarele rezultate privind
regarding the solidification of the cast parts: solidificarea pieselor turnate:

- the beginning time of solidification of the casfj - timpul de Tnceput de solidificare a piesei tuenat

- the ending time of solidification of the casting; - timpul de sf&it de solidificare a piesei turnate;

- the hot spot coordinates; - coordonatele nodului termic;

- the temperature evolution in any point of the- evoluia temperaturii in oricare punct din
assembly casting — mould; ansamblul piesturnat - forma de turnare;

- the evolution of the solid fraction in any powft - evoluia fragiei de solid Tn oricare punct al
the system casting — mould; sistemului pies turnat - forma,

- the evolution the of heating/ cooling speed iy an - evoluia vitezei de Tn@lzire/racire Tn orice punct al
point of the system; sistemului;

- the evolution of the liquid alloy quantity; - evoluia cantititii de aliaj lichid din sistem;

- the evolution of the useful liquid alloy availekih - evoluia cantititii de aliaj lichid util disponibil in
the feeder; maseloi;

- the evolution of the local gradient temperature i - evoluia gradientului de temperatulocal in orice
any point of the system; punct al sistemului;

- the solidification time in any points of the sst; - timpul de solidificare in orice punct al sistemiul

- the temperature in any point of the system at any temperatura in orice punct al sistemului la orice
moment; moment;

- the map of the temperature in the system (isather - harta repartizii temperaturii in sistem (harta
map) at any moment; izotermelor) la orice moment;

- the map of the solidification front movement in - harta deplasii frontului de solidificare in aliajul
the liquid alloy lichid.

These results allow an advanced analysis of the  Aceste rezultate permit o analiavansat a
casting solidification. On this basis, the solidificarii pieselor turnate. Pe aceadbtaz este
optimization of the casting technologies is possibl posibik optimizarea tehnologiilor de turnare, in
in order to eliminate the defects caused byvederea elimifirii defectelor din piesele turnate
solidification in the casting. cauzate de solidificare.
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